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“STRINGY” FOWLS 


Figure 1 


41—The effect of the stringy gene on chick down. The left chick is stringy, the right is 
normal. B--Adult hen showing stringy feathers. This bird also exhibits the cross beak and long 
toenails frequently associated with stringy plumage. 
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THE INHERITANCE OF “STRINGY,” AN 
ABNORMAL FEATHER CONDITION 


In White Leghorn Chickens* 
E. G. Buss, B. B. BonREN, AND D. C. WARREN 


URING the fall of 1946, a 
[) breeder of White Leghorn chick- 

ens sent seven females and one 
male to the Purdue Agricultural Ex- 
periment Station. The birds appeared to 
be normal; however, records showed 
that progeny with an abnormal feather 
condition had been produced by these 
birds. The breeder also sent three fe- 
males and one male which exhibited the 
abnormal feather condition. Soon after 
an investigation of this condition had 
been initiated at Purdue University, it 
was learned that an apparently similar 
abnormal feather condition was being 
studied at the Kansas Agricultural Ex- 
periment Station.+ A check on the 
sources of the parent stock indicated that 
the stocks at the two experiment stations 
had a common origin. The abnormal 
feather condition was independently in- 
vestigated at each of the experiment 
stations, and some of the stock from 
Kansas State College was sent to Pur- 
due University, where matings between 
the two stocks established the identity of 
the causative factor. 


Description of Condition 


The most noticeable expression of this gene 
was the condition of the feathers. The primary 
and secondary wing and the tail feathers of 
abnormal birds were generally shorter than 
the same feathers on normal birds (Figure 
1B). The barbs did not spread out to form a 
normal web. The barbules were absent on 
most wing and tail feathers, leading to a 
stringy appearance, from which the name was 
derived. The sheath did not disappear from 
the feathers so rapidly as on normal feathers. 
Dark spots which were probably dried blood 
appeared on the back side of the rachis. At 
the Purdue Station, some continuous molting 


was observed, but the rate increased when the 
birds were out of production. The body feath- 
ers exhibited a ragged appearance. 

In addition to the abnormal condition of 
the feathers, other external defects were noted. 
The premaxilla of the beak was longer than 
is found on normal birds. It was observed at 
the Kansas Station that many of the abnormal- 
ly long beaks were crossed. Toenails were al- 
so longer than usual. Thus, it may be that the 
gene which causes this condition expresses it- 
self by modifying the amount or toughness of 
the keratin produced in the epidermis. 

The down of the chicks which were homo- 
zygous for the abnormal feather condition was 
“sticky” (not fluffy) and was neatly parted on 
a mid-dorsal line. Most of the chicks which 
later showed abnormal feathers could be iden- 
tified at the time of hatching (Figure 14). 

The adult male birds were not so vigorous 
as normal males even when kept in individual 
cages. The volume of semen produced was 
small (usually less than 0.2 cc). The females 
were also less vigorous than normal females; 
however, when kept in individual cages, egg 
production was equal to that of other normal 
appearing birds of the same stock. 


TABLE I.* Data showing the inheritance of “‘stringy’’. 


Mating Normal Abnormal x? 
At Purdue 
Normal X Stringy 9 Obs. 23 0 
Exp. 23 0 
Rho ¥ Obs. 44 18 
_Exp. 46.5 15.5 
F, Stringy Obs. 33 26 
Exp. 29.5 29.5  .8230 
Stringy @ (K) X Obs. 37 38 
Fi 2 (P) Exp. 37.5 37.5 .0134 
Stringy @ X Stringy Q Obs. 0 21 
Exj. 0 21 
Stringy ¢ (P) X Obs. 0 6 
Stringy 9 (K) Exp. 0 6 
At Kansas 
Stringy Normal ? Obs. 64 0 
Exp. 64 0 
Fidé XFi Obs. 170 44 
Exp. 160.5 53.5 2.2493 
Stringy & X Stringy 2 Obs. 0 10 
Exp. 0 10 


* P = Purdue; K = Kansas. 


*Contribution No. 184 from the Department of Poultry Husbandry, Kansas State College 
and No, 426 from the Purdue University Agricultural Experiment Station. Mr. Buss is now at 
Colorado A. & M. College, Dr. Warren at North Central States Reg. Poultry Breeding Project, 


fayette, Indiana. 


7Sent by the Kimber Poultry Farm, Niles, California, to Kansas State College. 
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The Journal 
Procedure 


The birds were kept in individual hen cages. 
Artificial insemination was used; and all chicks 
were pedigreed-hatched. The chicks were de- 
scribed at the time of hatch and again at eight 
or twelve weeks so that an accurate classifica- 
tion was possible. Sex was determined at the 
time of the second description. 


Results 


The results of the crosses made at the 
two experiment stations are shown in 
Table I. By combining the data of the 
two stations, reciprocal crosses of nor- 
mal by abnormal produced 87 normal in- 
dividuals. In the Fy population, 214 nor- 
mal and 62 abnormal individuals oc- 
curred approaching a 3:1 ratio. When 
abnormal was mated with abnormal, 
only abnormal chicks resulted. The 
backcross to the defective produced 70 
normal and 64 abnormal individuals. 
Since none of the deviations from ex- 


of Heredity 


pected was significant, the results thus 
indicate that this abnormal feather con- 
dition is produced by a single recessive 
gene. 

The backcross of an abnormal male by 
F, females produced 14 normal males, 
15 normal females, 12 abnormal males 
and 9 abnormal females. Since normal 
females occurred from this cross and 
only normal individuals resulted from 
reciprocal crosses of normal by abnor- 
mal, it is apparent that this gene is 
autosomal. 


Summary 


An investigation was made to determine the 
mode of inheritance of an abnormal feather 
condition in White Leghorn Chickens which 
was received by the Kansas and Purdue Ex- 
periment Stations. A description of the con- 
dition is given. Crosses were made at each of 
the stations; also crosses between the stocks 
from the two stations. A single autosomal re- 
cessive gene was responsible for this mutant 
which has been called “stringy.” 


THE MASSACHUSETTS ANCON SHEEP 


A Supplementary Note 


EVERAL readers have expressed surprise 

that we interpreted (JoURNAL oF HEREDITY 
40:105-112, 1949) the traits of the original 
Massachusetts Ancon sheep as effects of a re- 
cessive mutation. It seemed to them that the 
following statement of Humphreys and a simi- 
lar one by Holbrook, both quoted by us, argue 
in favor of dominance. Humphreys said: 
“When an ancon ewe is impregnated by a 
common ram, the increase resembles wholly 
either the ewe or the ram. The increase of a 
common ewe impregnated by an ancon ram, 
follows entirely the one or the other, without 
blending any of the distinguishing and essen- 
tial peculiarities of both.” The Ancon mutant 
apparently was accepted by all contemporary 
observers as a new “breed” of sheep, and state- 
ments such as that of Humphreys were an ex- 
pression of justified surprise that the charac- 
teristic features of the Ancon breed were trans- 
mitted “without blending.” It was not implied 
that there was equality of Ancon and normal 
offspring in backcrosses, nor is there evidence 
in Humphreys’ article or in other reports in- 


dicating that in crosses of Ancon sheep to un- 
related animals the first generation progeny 
ever showed the Ancon traits. On the other 
hand, we know from Humphreys that during 
the first lambing season the original Ancon 
ram, mated to fifteen ewes (one presumably 
his mother), was father to only two Ancon 
lambs. On the assumption that there were 15 
lambs this would represent a very unlikely de- 
viation from the 1:1 ratio expected if the ram 
had been heterozygous for a dominant muta- 
tion (x2 = 4.060; P = .03). Moreover, Hum- 
phreys adds that there were among the pro- 
geny of the same ram “in the following years, 
a number more, distinguished by the same 
peculiarities.” It seems to us most unlikely 
that as excellent and precise an observer as 
Humphreys would have expressed himself in 
this fashion if the proportion of Ancon lambs 
among the direct descendants of the original 
ram had approximated fifty percent. For this 
reason we still have little doubt about the 
mutation having been recessive. 
WALTER LANDAUER 


SUNSUIT; A MUTATION REDUCING 


PLUMAGE IN 


THE FOWL’ 


F. B. Hutt anv J. Lonct 


mal plumage appeared in a flock 

of Single-comb White Leghorns 
on a nearby farm in the fall of 1945, 
and it was eventually given to us for 
study. Because she lacked the normal 
covering of her kind and seemed to be 
particularly bare in the extremities, 
though better covered in the abdominal 
region, the bird was dubbed “Sunsuit.”” 
Among her descendants were found 
some with more complete plumage, and 
some with less. However, since their de- 
ficiencies of covering were most conspic- 
uous in the wings, it seemed appropriate 
to retain for this mutation the name orig- 
inally assigned to the “type specimen.” 


A PULLET with remarkably abnor- 


Description 
Adults 


The bare appearance of the wings 
(Figure 2B to ) results from a general 
reduction in number and in length of the 
remiges, but in most birds it is enhanced 
because neither these feathers nor the 
wing coverts have normal webs. This, in 
turn, seems to be caused by failure of the 
feather to break from its sheath. As a 
result, the regions most affected are cov- 
ered with quills rather than with feath- 
ers, as is shown in Figure 2B. The tail 
feathers are also reduced in number and 
in length, but are usually somewhat less 
affected than the primaries and_ sec- 
ondaries. 

Among a number of these mutants for which 
detailed individual descriptions were taken at 
ten months of age, several had only three to 
six primaries, none longer than three inches, 
and in some birds none longer than an inch, 
Secondaries were usually shorter than the 
Primaries. In some cases, particularly among 
males, the tail was represented by only a few 
stubby feathers, none more than an inch long 
(Figure 2B), in striking contrast to the nor- 
mal complement of fourteen rectrices. 


Most sunsuits have some feathers that are 
apparently normal. These are more common 
on the head and neck. Elsewhere, some feath- 
ers have long, persistent sheaths from which 
only the distal portions have escaped. In these 
last, the free portion may show a normal web 
in small areas close to the rachis, but the 
distal portions of the barbs are not held to- 
gether. As a result the feather appears open, 
somewhat like the flattened, frayed end of a 
piece of string. The barbs themselves are not 
abnormal, but their barbules are. Some of 
these are bent, but in most cases their normal 
function seems to be lost because they lie close 
to the barb instead of extending out from it 
in the usual manner at an angle of about 45 
degrees. 

Although some regions of the body are af- 
fected less than others, the pterylosis, or dis- 
tribution of feather follicles, is normal. The 
pterylae in which feathers show the greatest 
abnormality are the humeral, alar, and femoral 
tracts. Feathers of the posterior spinal, lateral 
(breast), and crural tracts are affected some- 
what less, and those of the head tract are al- 
most always normal even in birds that are else- 
where quite bare (Figure 2B). Among birds 
showing this mutation, males seem to have 
fewer normal feathers than females, and hence 
to appear somewhat more naked, but there is 
never any difficulty in distinguishing an adult 
sunsuit of either sex from a normal bird. 

By ten months of age, most feathers of 
normal fowls are dead, 1.c., they have no live 
pulp in the base of the rachis, and no blood 
supply. By contrast, in fifteen sunsuits ex- 
amined at that age, all had in the affected 
areas, many new feathers showing near the 
skin the pinkish hue that indicates live pulp 
and the presence of blood. Since these were 
in different stages of development, it seems 
probable that in sunsuits new feathers are 
proliferated more or less continuously. In many 
of these the live pulp in the base of the feather 
seems to be extended farther out from the 
follicle than is usual in growing feathers. This 
may be related to the persistence of the sheath 
of the feather that is so characteristic of the 
mutation, but whether as cause or as effect 
remains unknown. Because of their live feath- 
ers and lack of the usual dense plumage, the 
sunsuits are unusually sensitive to handling 
and will even squawk when crowded together 
in a crate. 

Apart from the plumage, most of the mu- 


*Number 22 in the series by F. B. H. entitled “Genetics of the Fowl.” 
tDepartment of Poultry Husbandry, Cornell University. 
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SUNSUITS IN CHICKS AND ADULTS 
Figure 2 


A—The sunsuit chick (right) has sticky or “wiry” down that differs markedly from the 
fluffy down of the normal one (left). B—Maximum manifestation of the sunsuit phenotype in a 


rooster. 


the quills elsewhere, feathers of the head and neck are affected very little. 


It should be noted that despite the extreme reduction of wing and tail feathers, and 


C—A sunsuit pullet 


showing the lack of wing feathers and the partially encased feathers of the humeral, alar, and 


femoral feather tracts. 


D—A cockerel showing the minimum effects of the sunsuit mutation. 


Although the plumage is almost normal over most of the body, the primaries and secondaries 
are fewer and shorter than normal, and the tail feathers are frayed. 


tants show at maturity abnormalities of the 
beak. Both the upper and lower beaks are 
elongated (Figure 4), sometimes with the 
upper one arched (Figure 4), sometimes with 
its tip lying to the left or right of the lower 
one. Trimming provides only temporary cor- 
rection of this abnormality, as the beaks keep 
growing and within a few weeks restore the 
original distortion. When the keratinous ma- 
terial is carefully removed after boiling a head, 


the underlying bones—the nasals, premaxilla, 
and mandible—are found to be normal. As the 
birds get older, most of them show abnormally 
long toe-nails. Both of these peculiarities in- 
dicate an excessive growth of keratinized 
epithelium. 


Chicks 


When dried off, about 24 hours after hatch- 
ing, sunsuit chicks have a somewhat wiry, 
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NORMAL AND STICKY DOWN 


Figure 3 


Plumules from day-old chicks showing the normal condition (4 and B), with the barbs 
separated and the abnormal cohesion of barbs (C and D) that causes the “sticky” down of 


sunsuit chicks as shown in Figure 24. 


sticky down that is particularly noticeable all 
over the back and on the neck (Figure 24). It 
results from the barbs of the plumule being 
more or less stuck together at their tips, 
though less so at the base of the feather (Fig- 
ure 3C, D). Down on the top of the head is 
normal. While there may occasionally be some 
doubt about classification of one chick by itself, 


when sunsuits and normals are mixed together 


it is easy to sort out the former with an ac- 
curacy that later classification shows to be 
almost 100 percent. 

The first juvenile plumage replacing the 
down is abnormal, but less so than that of the 
adult. At two weeks of age sunsuit chicks 
showed no deficiency of primary wing feathers, 
but these were ruffled and slightly frayed, so 
that it was difficult to distinguish sunsuits from 
frizzled chicks of the same age. In tests for 
linkage it was at first thought that all chicks 
showing the sunsuit mutation at hatching had 
frizzled plumage at two weeks of age. Later 
on it was found that, while both types then 
had somewhat ruffled plumage, outer remiges 
of the frizzles showed in some areas the curl- 
ing of the barbs in little groups that was 
earlier described as characteristic of these 
feathers in adult modified frizzles.3 By con- 
trast, barbs of the sunsuits were not curled 
but showed less cohesion than is normal, so 
that the web of the feather appeared frayed. 


Sunsuit Not Lethal 


Because the sex-linked mutation, 
naked, which greatly reduces the 
amount of down, is lethal to about half 
the affected chicks in the last three days 
of incubation, it is desirable, perhaps, to 
make it clear that the abnormal down of 
sunsuits has no adverse effect on hatch- 
ability. This is shown in part by the 
normal ratios among hatched chicks 


(Table I), but also by the following 
hatching records for 13 normal hens 
that produced sunsuits and 11 others 
that did not when both types were mated 
to the same sunsuit males. 


Fertile Hatched 

Matings: eggs Percent 
That begot sunsuits 269 82.1 
That did not 166 87.3 


These figures show relatively high 
hatchability for both groups, with no 
significant differences between them. 

Because of their bedraggled plumage the 
sunsuit chicks appear to be smaller and less 
thrifty than others. During their first six or 
eight weeks of life, most of them were set 
back by the attendants on the rearing range 
to be brooded with younger chicks, as is usual- 
ly done with stunted ones. However, the ap- 
pearance of unthriftiness is somewhat decep- 
tive in this case. If the mutation reduces 
viability at all, it must do so after four months 
of age and not before. Up to that time, mor- 
tality among 112 sunsuits was 7.1 percent, and 
in their 110 normal siblings, 9.1 percent. The 
numbers of comparable adults kept have not 
been enough to provide adequate measures of 
viability in the two classes. 

In September, 1948, there were housed 
eight sunsuit females, each of which had from 
five to seven full sisters of comparable ages 


TABLE I. Results from matings made to find the 
genetic basis for sunsuit. 


Progeny 
Year Parents Normal Sunsuit 
1946 Original sunsuit 2 normal 16 0 
1947 F, & X unrelated, normal ? 9 60 0 
1948 Carrier 7 R 5054 X 5 carrier 2? 2 72 29 
“ Carrier 7 R 5054 X 2 related, 
non-carrier 2 Q 44 


0 

1949 13 carrier QQ X 3 sunsuit do 110 112 
11 non-carrier 92 X same 

sunsuit 77 144 0 


\ 
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DEFECTIVE BEAKS OF “SUNSUITS” 
Figure 4 
A—The grotesque appearance of this cockerel is caused by elongation of both beaks and 
failure of the upper one to cross the lower. The resultant gradual arching of the upper beak 
forces the bird’s mouth open. B—Elongation and crossing of the upper and lower beaks com- 
monly found in birds homozygous for the sunsuit gene. 


that did not show the mutation. Together they 
comprised the families from four different 
dams that had all been mated to the same 
sire. For these pullets the records to May 31, 
1949, were as follows: 


Sunsuits Normal 


sisters 
Housed, number 8 23 
Died, number 3 6 
*Age at first egg in 
days, average 310 215 
*Eggs laid per bird, 
average 43.6 145.3 


*Excluding those that died. 


These figures suggest that the sunsuits are. 


slow to mature and are subnormal in egg pro- 
duction. They were kept by themselves in a 
small pen, but were not forced by artificial 
lighting. Under other conditions they might 
have done better. One of the five survivors 
laid 142 eggs, but the other four all had less 
than 40 each. 


Genetics 


In the spring of 1946, the original sun- 
suit hen was mated with a normal male. 
Although 16 chicks were hatched, no 
daughters survived to the breeding sea- 
son of 1947, but a son mated in that 
year with unrelated Leghorns had 60 
offspring, all normal. From these, the 
mutation was recovered in 1948, and 
the matings of that year and of 1949 
showed clearly that it is a unifactorial 
recessive character (Table I). 


The observed F: ratio of 72:29 is a close 
fit to the expectation of 3:1, and the back- 
cross to the recessive provided an even closer 
fit to the expectation of 1:1. The autosomal 
nature of the mutation is clear from matings 
of the heterozygous male R 5054, which yielded 


. 
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A SUNSUIT OF THE RENAISSANCE 
Figure 5 


This bird, illustrated in the Ornithologiae 
of Aldrovandus, published in 1600, resembles 
the one shown in Figure 2B, but has quills of 
normal length in the wings and tail feathers. 


sunsuits of both sexes from heterozygous 
dams, but none at all from hens that did not 
carry the gene. Had the mutation been sex- 
linked, about half the daughters from the 
latter mating should have shown it. 

The symbol sn is proposed for the sunsuit 
mutation. It has not previously been preempted 
for any other gene, whereas s, su, and st, 
which might otherwise be suitable, have al- 
ready been assigned. (The senior author has 
recently published a list of symbols for 70 
unifactorial mutations in the fowl.4 In its 
compilation an effort was made to maintain 
priority for symbols that had already been 
proposed. It is hoped that this list will be 
useful for consultation by those who may in 
the future wish to assign names and symbols 
to mutations in this species, and that it may 
thus establish order in a field previously char- 
acterized by “confusion worse confounded”). 


Tests for Linkage 


The male mated with the original sunsuit 
hen in 1946 carried the genes F (frizzle), 
t (non-dominant white), and Cr (crest), all 
of one known linkage group, and D (drplex 
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comb) of another, In 1949, the following re- 
sults in backcrosses showed sunsuit to segre- 
gate independently of three of these genes. 


Genes Parental New 
tested combinations combinations 
sn and D Ze 22 
sn and Cr 59 66 
sm and I 26 21 


These data show that if sn be linked with 
any of these 3 genes it must be a very loose 
linkage. Additional evidence of the independ- 
ence of sn and J was provided by 4 Ji QQ 
that produced most of the F2 population in 
1948. The frequencies of the 4 possible pheno- 
types in their offspring compared with those 
expected for characters segregating independ- 
ently in F2 were as follows: 


Phenotypes Observed Expected 
I and Sn 53 52.875 
T and sn 23 17.625 
i and Sn 15 17.625 
i and sn 3 5.875 
Total 94 94.0 


For fit of this distribution, x2 = 3.437, n = 3, 
and the corresponding probability, P, is be- 
tween .30 and .50. This shows that the devia- 
tions of the observed ratio from that of 
9 :3.:3:1 expected for independent genes are 
not significant, and thus confirms the other evi- 
dence that / and sv are not linked. 

Tests for linkage of sv and F were not 
satisfactory because of the similarity of the 
two phenotypes in young chicks. It was also 
difficult to identify with certainty in adult sun- 
suits the modified type of frizzling involved in 
these crosses. However, since sz in not linked 
with Cr and /, it is also likely to be independ- 
ent of F, which is in the same chromosome as 
those two and only 17 cross-over units from J. 


Discussion 


The persistent sheaths and other ab- 
normalities of the feathers, the elonga- 
tion and distortion of the horny covering 
of the beak, and the elongation of the 
nails together indicate that the underly- 
ing abnormality induced by the muta- 
tion is some kind of dyskeratosis. Many 
related defects, characterized by various 
degrees of hypotrichosis, dystrophies of 
the nails, and scaly skin, have been 
shown to be hereditary in man, in the 
mouse, and in other animals. 

In the domestic fowl there have been 
identified to date at least five different 
mutations that cause defective or abnor- 
mal structure of the plumage in birds 
that have normal pterylosis — silky, 
irizzling, flightless, fray, and naked. The 
sunsuits are distinctly different from all 
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of these. 

For many years we have been waiting 
for the reappearance of the mutant form 
illustrated 350 years ago by Aldrovan- 
dus! and labelled by him, without fur- 
ther comment, as Gallina feré petrificata, 
or hen almost turned to stone, (Figure 
5). However, his bird has fewer normal 
feathers and more quills than any of 
our sunsuits. More important, the pri- 
maries, secondaries, and tail feathers of 
his specimen have shafts of normal 
length, though lacking webs, It seems 
probable, therefore, even after making 
allowances for mediaeval artistic licence, 
that our sunsuits of the twentieth cen- 
tury are not quite what Aldrovandus saw 
at the close of the sixteenth. Some hope 
that his aberrant specimen may even- 
tually reappear is seen in the fact that a 
very similar mutation has been found in 
the pigeon at least twice in recent years. 
In these “porcupine” pigeons, reported 
by Cole and Hawkins? from this country 
and by Krallinger and Chodziesner® 
from Germany, the barbs of the feathers 
are defective and soon wear off, leaving 
the bird covered with quills. These are 


of Heredity 


apparently of normal length, even in the 
primaries, secondaries, and tail feathers. 


Summary 


In birds homozygous for this mutation, the 
remiges and rectices are reduced in number 
and in length. These feathers and others may 
show defective webs, or be confined wholly or 
partially within persistent sheaths, so that in 
extreme cases the birds seem covered with 
quills. Beaks and toe nails are elongated and 
distorted. In chicks the down appears wiry 
or sticky. Reproduction is subnormal. 

Sunsuit is caused by a unifactorial, reces- 
sive, autosomal gene, s1, which is not linked 
with J, Cr, or D. The underlying abnormality 
caused by the gene is considered to be some 
form of dyskeratosis. Related variations are 
briefly discussed. 
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The Genes and Academician Lysenko 


To the Editor: 

A few weeks ago, reading the book “The 
Situation in Biological Science” published by 
International Publishers, 1949, I found to my 
dismay that one of the contributors, J. J. 
Prezent, quoted on page 596 a few sentences 
from a report I wrote for the Journal of 
Heredity six years ago (Jour. Hered. 35 :347. 
1944). Since I do not want to be quoted as a 
witness for Mr. Lysenko, I ask you to publish 
the following remarks: 

For anyone who reads the paragraph it be- 
comes clear immediately that only torn out 
of its context and distorted in its sense can it 
be used for Mr. Prezent’s purposes. It is in- 
troducing a positive and appreciating review 
on a book by Alfred Ernst, Zurich, who was 
and is, as every geneticist knows, one of the 
staunchest Mendelists. 

I read Mr. Lysenko’s booklets and reports 


and found them poor and without scientific 
evidence. To call Mendel a reactionary is 
ridiculous not only to his biographer but also 
to anyone who takes the time to read Mendel’s 
biography. There is no doubt that his ideas 
have been distorted and misused by reaction- 
aries. But nobody will blame the inventor of 
the aeroplane because it is misused to throw 
bombs upon innocent human beings. 


If the Russians want to prove the inheritance 
of acquired characteristics they should start 
scientific experiments on a large scale with 
all precautions and controls. By distortions of 
quotations and of facts and by suppression of 
scientific opinions, Lysenko and his group will 
achieve nothing except a fateful and hardly 
reparable damage to Russian science. 


Hvco ILtis 
Mendel-Museum, Fredericksburg, Va. 


MATING SYSTEMS IN HONEY BEES* 


Martin S. Potnemus, Jay L. Lusu, anp Watter C, RorHENBUHLERT 
Towa State College 


bees, introduced by Dr. Lloyd R. 

Watson in 1927° and refined by 
Nolan,’ Laidlaw, Mackensen*:® and 
Roberts,® has made it possible to develop 
inbred lines of honey bees for study and 
observation. Kalmus and Smith* have 
computed the rate at which heterozygos- 
ity is lost in three closed systems of in- 
breeding, termed mother-son, brother- 
sister, and aunt-nephew. 

They considered also the effect of pos- 
sible linkage, but linkage has no meaning 
when only a single pair of genes is being 
considered, and does not affect the ex- 
pected increase in the average number of 
genes which are homozygous. It affects 
only the amount by which the actual 
homozygosity of individual bees will 
vary around the expected average homo- 
zygosity. Linkage increases this varia- 
tion and in this respect makes n linked 
loci act as a smaller number of independ- 
ent loci. Linkage will not be considered 
further here. 

It was pointed out at least as long ago 
as 1915 by Newell? that the drone (male 
bee) can be considered as simply a ran- 
dom gamete from his female parent. 
Genetically, the gametes he produces are 
exact replicates of the gamete which he 
is. Consequently, the genetic situation 
can be depicted accurately in pedigrees 
by showing only the females as individ- 
uals, the males being shown only as 
gametes. When this is done, the pedi- 
grees are comparable to those of ordi- 
nary diploid animals, provided no drone 
has more than one daughter in the pedi- 
gree. In the latter case a modification, 
to be described later, must be made. 
Pedigrees which show only females seem 
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odd in indicating the mating of females 
to females, but genetically this is what 
happens when the sperm from a drone 
unites with the ovum from a queen. With 
the pedigrees drawn in this manner, the 
computing of inbreeding and _ relation- 
ship coefficients for honey bees becomes 
greatly simplified. It is then done ac- 
cording to the same rules as for diploid 
organisms. 

Because the gametes from a drone are 
exact duplicates (unlike the gametes 
from a diploid male), it seems conveni- 
ent to classify closed inbreeding systems 
involving honey bees into two types, ac- 
cording to whether or not only one 
daughter of each drone is used to con- 
tinue the line. 


Systems Requiring Only Ohe Daugh- 
ter from Each Mating 


An exact analogy for any closed in- 
breeding system of this type may be 
found in diploid organisms. Figure 6 
shows four such inbreeding systems, 
with the drones indicated only as sperm- 
atozoa. A shows that mating a drone 
back to his mother is genetically the 
same as self-fertilization in diploid or- 
ganisms. B shows that brother-sister 
mating in honey bees is_ genetically 
equivalent to mating the offspring back 
to its younger parent in diploid animals. 
The term ‘‘mother-daughter” mating is 
suggested as genetically accurate and 
less confusing than the term “brother- 
sister” mating for describing breeding 
system B. Relationships and inbreeding 
coefficients already worked out ‘by 
Wright!! for matings of offspring to 
the younger parent in diploid animals 
may then be used directly for this case. 


*Journal Paper No. J-1739 of the Iowa Agricultural Experiment Station, Ames, Iowa. 


Project No. 1166. 


_tAfter galley proof had been corrected the authors learned that an article on the same 
subject and from a viewpoint only slightly different, by James F. Crow and William C. Roberts, 


1s soon to appear in Genetics. 


If and when biparental drones occur—a possibility suggested by Whiting!°"—the suggestions 


in this article are not applicable. 
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MATING SYSTEMS 


ANALOGIES BETWEEN BEE MATING SYSTEMS AND DIPLOID MATING SYSTEMS 
Figure 6 


Regular inbreeding systems for honey bees using only one daughter from each mating. 
Circles represent queens and spermatozoa indicate drones. Solid lines indicate transmission from 
mother to daughter through an ovum, while dotted lines indicate transmission through a drone. 
Each system has an exact analogy in diploid organisms. The drones are represented only by a 
spermatozoan because the haploid condition of the drone means that all gametes produced by 
a drone are genetically identical to the gamete from which the drone arose. The analogies to 
diploid organism are as follows: A—To self-fertilization ; B— To Mother-Daughter (Offspring 
to younger parent); C—To Grandmother-granddaughter (Individual to its youngest grand- 
ernoed D—Mother to Daughter, Grandmother to Granddaughter, etc. (Offspring to older 
parents. 


“Grandmother - granddaughter” mat- 
ing would in like manner describe the 
mating system shown in C, covering 
the physical pairing of a maternal uncle 
with his niece. D shows the continued 
use of drones from the same queen on 
successive generations of her female de- 
scendants. Wright described the homolo- 
gous case for diploid organisms in 1921.1! 
The term “double generation” proposed 
by Kalmus and Smith® to describe the 


situations covered by Figure 6 is su- 
perfluous when this simpler interpreta- 
tion is used. 

The exclusively female pedigrees of 
Figure 6 are also suitable for calculating 
inbreeding coefficients and relationships 
by means of a covariance table as de- 
scribed by Emik and Terrill,? and Cru- 
den.! This facilitates such computations 
when many generations or complicated 
pedigrees are involved. Especially is it a 
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M ATING SY STE M S this type, it makes no difference whether 
one drone or many brother drones are 
used to inseminate one queen, provided 
F only one daughter from a mating is used 
© to continue the system. This type of 
| mating system may therefore be advan- 
! tageous practically, since multiple in- 
| seminations (with several drones each) 
, permit a queen to produce sufficient 
worker offspring to progeny-test her for 
practical merit. 
One must hedge a bit here. If the 
workers are by several drones, the pro- 
1 geny test of the queen is more accurate 
1 than if all workers are by the same 
| drone. But in the latter case the work- 
} ers are more closely related to any sister 
“, queen that might be reared. In other 
words, multi-drone matings make the 
progeny test slightly more accurate but 
the sib test slightly less so! This is in- 
dependent of the probably more impor- 
tant fact that multi-drone matings are 
practically a necessity when testing for 
production and similar colony charac- 
teristics. 


Systems Requiring More Than One 
Daughter from Any Mating 


: ' For closed inbreeding systems of this 
DIPLOID CREATURES CAN’T COPY type no perfect analogy exists in diploid 
Figure 7 animals. If two or more daughters of a 


Regular inbreeding systems for honey bees drone are used in continuing the line, 
requiring two daughters from the same mat- they will all receive identical genes from 
a No system of this type has an exact him, regardless of how heterozygous his 
E—Full sister nother was. The relationship between 

female full sibs whose parents were un- 
time-saver when the number of contem- related is then 34 instead of % as in 
porary or near-contemporary individ- diploid animals. All relationships and 
uals in each line is small. inbreeding coefficients for this type of 

In any closed inbreeding system of mating system must be re-computed to 


Diagram Physical Mating Genetic Homology Analogy in Cattle 
A Unfertilized queen to her son Self-fertilization None 
B_Brother-Sister Mother-daughter Offspring to younger 
parent 
C Maternal uncle to his niece Grandmother- Individual to its young- 
granddaughter est grandparent 
D Successive queens to drones Mother to daughter, Offspring to older par- 
from one queen grandmother to ent. (Line breeding to 
: granddaughter, etc. one individual). 
E  Aunt-nephew Full sister None (a bit closer than 
full sibbing). 
First cousins Aunt-niece None (a bit closer than 


aunt-nephew or uncle- 
niece ). 
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compensate jor the higher relationship 
between two daughters of the same 
drone. Such calculations can become 
considerably complicated if more than a 
single drone is used in the matings. The 
present techniques for artificial insemi- 
nation are such that the performance of 
a queen inseminated with only a single 
drone is inadequate for progeny-testing 
her. Hence it appears that such systems 
may be used to advantage only for in- 
breeding to produce a line, without test- 
ing and selecting while the inbreeding is 
in progress. 


Figure 7 illustrates two closed in- 
breeding systems of this type, with only 
one drone used for each mating. Full- 
sister mating, shown in E£, is usually 
called an “aunt-nephew” system. Under 
it, the average heterozygosis p remain- 
ing in any generation is related to the 
heterozygosis of preceding generations 
thus: p = p’/2 + p”/8. This is to be 
compared with p = p’/2 + p”/4 for full 
sib inbreeding in diploid animals.!! Hon- 
ey bees thus approach homozygosity 
more rapidly in this type of inbreeding 
system than do diploid animals under a 
mating system which is apparently anal- 
ogous. The difference lies in the fact 
that, in the bees, chance at Mendelian 
segregation cannot cause differences be- 
tween the gametes from the individual 
which functions as a male. 


If several brother drones are used to 
inseminate one queen (instead of one 
drone as in Figure 7), and more than 
one of her daughters is used to continue 
the line, the inbreeding rates are lower 
than for Figure 7, but are still a bit 
higher than for the nearest analogous 
system in diploid organisms. The number 
of drones used to inseminate one female 
must of necessity remain small (usually 
less than 15). Hence the probability that 
two artificially produced daughters will 
get identical gametes from their paternal 
mother is at least one in fifteen, while 
the probability of their getting identical 
gametes from their maternal mother is 
at most one in 65,536, based on 16 pairs 
of chromosomes and assuming no cross- 
ing over. 
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Some mating systems useful for in- 
breeding honey bees are listed on page 
153. These are also shown diagrammat- 
ically in Figures 6 and 7. The first col- 
umn refers to the mating diagram, the 
second column describes the apparent 
mating, the third column shows the dip- 
loid individuals which in effect are 
paired, and the fourth column shows the 
comparable mating in diploid animals, 
such as cattle. 


Generation Intervals 


In developing inbred lines of honey 
bees for practical use, the various mating 
systems need to be evaluated on the basis 
of time required per generation, as well 
as on how much heterozygosis is lost 
per generation. The elapsed time from 
queen to daughter through the ovum is 
approximately 33 days, as compared 
with something like 80 days from queen 
to daughter through the drone. 

The actual rapidity with which certain 
levels of inbreeding may be attained may 
therefore depend more on the time re- 
quirements for each generation in the 
system used, than on the rate at which 
heterozygosity is lost per generation un- 
der that system. As an example, the 
average time required in practice for one 
complete generation in system 4 is 80 
days, while in system C, where two gen- 
erations of daughters are reared from 
each queen before her drones are used, 
the average time required is only 33 
days per generation. 

Where climatic and other conditions 
will permit beekeeping operations to con- 
tinue all through the year, system 4 per- 
mits approximately 414 generations of 
self-fertilization in one year. This would 
result in eliminating over 93% of the 
initial heterozygosity in the first year, 
a rate far above that possible in most, 
4f not all, other domestic animals and 
plants. 
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LARGE “ANAL GILL” 
CHROMOSOMES 
Of a Chironomid Larva 


URING the mild winter and spring of 

_/ 1949, large numbers of a species of chi- 
ronomid larva were collected from a polluted 
stream, adjacent to the campus of the Univer- 
sity of Pennsylvania. Some specimens were 
fixed, others allowed to develop to the pupal 
or adult stage, before fixation. Dr. O. A 
Johannsen has kindly identified the species as 
Tendipes riparius (Chironomus riparius, C. 
viridicollis and C. militaris are synonymous, 
according to Townes.”) 

Upon examining specimens, fixed with form- 
alin acetic alcohol and stained with Galigher’s 
standard alum-haematoxylin, it was observed 
that, just beneath the cuticle of the “anal 
gills’ (Figure 84-D), lie a relatively small 
number of large, flat cells with large nuclei 
(Figure 8D). Some additional slides were 
made, in the preparation of which, the follow- 
ing procedure was observed. Most specimens 
were fixed in formalin acetic alcohol, a few 
with Allen’s Bis. The end of the abdomen, bear- 
ing the “anal gills,” was snipped off. Usually, 
the salivary glands were removed and treated 
to the same methods as the “gills.” Besides 
alum-haematoxylin, Heidenhain’s haematoxy- 
lin, Feulgen’s reaction was tried. Just before 
mounting, most of the hind end of the larva 
was teased away, so that it would not obscure 
the “anal gills.” Salivary glands and “anal 
gills’ were mounted side by side. An attempt 
to make smear preparations was tried, but 
without success. The “gills” are too tough to 
permit smearing. 

Figure 8B is a camera lucida drawing of 
chromosome IV from a salivary gland cell, 
identified by its small size and attachment to 
the nucleolus. Figure 8C is chromosome IV 
from an “anal gill” cell. Although I have 
made no careful study of the chromosomes, a 
superficial examination of them and a compari- 
son with Kosswig and Shengun’s represen- 
tation! of chromosome IV of Chironomous 
larvae, lead me to think that the “anal gill” 
chromosomes differ from the salivary gland 
chromosomes about as much as do the gut 
chromosomes in Chironomous from the sali- 
vary gland chromosomes. 


Agric., Tech. Bull. 326. 50 p. Illus. 1932. 

9. Watson, Lioyp R. Controlled mating of 
queenbees. 50 p. Illus. American Bee Journal, 
Hamilton, Ill. 1927. 

10. Wuitine, P. W. Genetics of Hymenop- 
tera with some possible applications to apicul- 
ture. Advances in Modern Biology (Russian), 
State Biological and Medical Press, Moscow, 
USSR. 1936. 

Wricut, SEWALL. Genetics 6:111-178. 
921. 


Figure 8 
LOCATION OF GIANT CHROMOSOMES 


A—Shows the posterior end of Tendipes 
larva, about 30. The four “anal gills” are 
shown at A-D. B—shows the fourth chromo- 
some of a salivary gland cell, and C of an 
“anal gill” cell about 2000. D shows an 
“anal gill” about 200%. The distribution of 
the large nuclei can be seen. 


(Continued on page 164) 
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THE CHROMOSOMES OF DROSOPHILA 
WILLISTONI* 


TueEoposius DoBzHANSKY 
Columbia University, New York 


on the giant chromosomes in sali- 

vary gland cells of Drosophila 
melanogaster larvae has furnished a 
method for studies on the evolution of 
the chromosomal apparatus in the genus 
Drosophila and in other flies. Where 
hybrids between different species are ob- 
tainable, the gene arrangement in the 
chromosomes of the parental species can 
be compared with some precision. Ex- 
cept for the partially non-specific pairing 
of heterochromatic segments, the chro- 
mosome sections which show disc-by- 
dise pairing in the salivary gland cells 
contain homologous gene loci. This per- 
mits exact localization of homologous 
genes in the chromosomes of the parental 
species. 

The amount of chromosomal differen- 
tiation between closely related species 
proved to be variable. The morphologi- 
cally almost identical, although repro- 
ductively isolated species, D. pseudoob- 
scura and D. persimilis, differ usually in 
four major inverted sections in the X, 
second and third chromosomes.!® The 
morphologically and genetically more 
distinct species pair, D. melanogaster 
and D. simulans, differ in only a single 
major inversion plus several changes in- 
volving small groups of discs. These 
latter changes represent either small 
gene rearrangements, or qualitative 
changes in the genes which are reflected 
in the cytologically visible properties of 
the chromosomes.®* D. virilis and its 
relatives D. novamexicana, D. ameri- 
cana americana,and D. americana texana 
differ in several major inversions, plus 
translocations of two entire chromosome 
limbs.® D. miranda differs from D. pseu- 
doobscura and D. persimilis in much 
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more extensive rearrangement of chro- 
mosomal materials, so much so that the 
homology of some chromosome sections 
proved to be impossible to establish by 
studies on chromosome pairing.® 

When species do not cross or do not 
produce hybrids, the disc patterns in 
their salivary gland chromosomes may 
still be compared under the microscope. 
The safest criterion of homology of the 
chromosomal materials, namely, the pair- 
ing of sections of the chromosomes, is, 
however, no longer available in such 
species. Wharton!® showed that more 
than half of the species of Drosophila 
which she has examined have five long 
and one short chromosome strand in 
their salivary gland cells. This indicates 
that inter-chromosomal rearrangements 
(pericentric inversions and_transloca- 
tions) are relatively rare in the evolution 
of Drosophila. On the other hand, intra- 
chromosomal changes (paracentric in- 
versions) are very common. Their ubiq- 
uity explains the fact that the disc pat- 
terns show no reliable similarities in, 
for example, D. pseudoobscura and D. 
melanogaster, which are representatives 
of two sections (species groups) of the 
subgenus Sophophora of Drosophila. 

The chromosomes of D. willistoni are 
described in the present article. D. wil- 
listoni is a representative of the willistoni 
species group of Sophophora. It is a 


species eminently suitable as material for . 


studies on population and on compara- 
tive genetics. 


Mitotic Chromosomes 


The willistoni species group occurs in the 
tropical and subtropical regions of Central 
and South America. The chromosomes of 
nine species of this group have been examined.f 


*Contribution No. 6 of the cooperative research project of the University of Sao Paulo 
and Columbia University on genetics and ecology of tropical Drosophila. ; 

+D. willistoni, D. paulistorum, D. equinoxialis, D. tropicalis, D. capricorni, D. sucinea, 
D. fumipennis, D. nebulosa, D. bocainensis, see literature cited references 2, 4, 11, 12, 16. 
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SALIVARY GLAND CHROMOSOMES OF DROSOPHILA WILLISTONI. 
Figure 9 


Dobzhansky: Drosophila Willistoni 


Without exception, these species have three 
pairs of mitotic chromosomes: a pair of meta- 
centric (with median centromere) X or Y 
chromosomes, a pair of metacentric second 
chromosomes, and a pair of telocentric third 
chromosomes (with terminal or subterminal 
centromeres). It may be noted that the same 
chromosome group is present also in six out 
of the seven cytologically studied species of 
the saltans species group of the subgenus 
Sophophora. The saltans as well as the wil- 
listont groups of species are native in the 
Neotropical zoogeographic region. It is note- 
worthy that this chromosome group does not 
occur in other species groups of the subgenus 
Sophophora, namely, in the obscura group 
(native in the Holarctic region) and the 
melanogaster group (native in the Oriental 
zoogeographic region). Thus, it is character- 
istic for the neotropical representatives of 
Sophophora. 

Pavan!! has found that the X and the sec- 
ond chromosomes in D. nebulosa show, in 
mitotic prophases, about equally long and 
densely staining heterochromatic sections on 
either side of the centromere. Nevertheless, 
the X chromosome contains only a_ small 
amount of delicately fibrous heterochromatin, 
while the second chromosome contains a very 
much greater mass of deeply staining foamy 
heterochromatin in the salivary gland cells. 
Pavan concluded that two kinds of heterochro- 
matin are involved which are indistinguishable 
at mitotic prophase, but which behave quite 
differently during the growth of the salivary 
gland cells. Although Schultz13 has doubted 
Pavan’s conclusions, they have been extended 
by Cavalcanti? to D. prosaltans, and they can 
now be confirmed and extended to all of the 
nine species of the willistoni group listed above, 
as well as to D. sturtevantit which belongs to 
the saltans species group. Similar heterochro- 
matic relationships do not obtain, however, 
in species of the obscura and melanogaster 
groups with which the writer is familiar. This 
persistence in the willistonit and saltans species 
groups is additional evidence of rarity of inter- 
chromosomal changes in the evolution of neo- 
tropical Sophophora. 


Salivary Gland Chromosomes 


Composite drawing of the salivary gland 
chromosomes of D. willistoni are shown in 
Figure 9, which includes also a metaphasic 
chromosome group from a larval ganglion 
cell drawn at the same magnification. The 
gigantic size of the chromosomes in salivary 
gland cells is apparent. The salivary gland 
chromosomes are those of a strain descended 
from a single female caught near Belem, Para, 
Brazil. It will be shown in another publica- 
tion that the gene arrangements vary in differ- 
ent strains of D. willistoni. The arrangement 
here represented is chosen as the standard 
one, in terms of which other gene arrange- 
ments will be described. For convenience of 
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description, the chromosomes are divided into 
100 arbitrary sections. The correspondence 
between the mitotic and the salivary gland 
chromosomes is indicated in the diagram in 
the upper right hand corner of Figure 9. The 
centromeres are shown in the diagram by 
cross-hatched blocks. 

The left limb of the X chromosome (XL) 
is represented in the salivary gland cells by 
a sensibly shorter strand than the right limb 
(XR). A convenient landmark in the XL is 
a light bulbous swelling in section 4; the bulb 
in section 14 is not constant. XR has two 
large and often greatly inflated bulbs in the 
basal part (sections 18 and 20), and a very 
characteristic structure in section 31. This 
latter is an internal duplication (“repeat”), 
which in some cells shows a pairing of discs 
lying at different levels in the same chromo- 
some. 

The two limbs of the second chromosome 
(IIL and IIR) have rather similar looking 
distal ends (compare sections 54-55 with 76- 
77), but are otherwise easily distinguishable. 
IIL contains several “weak points” at which 
the chromosome is often fractured or bent 
(in sections 38, 41, 42, 44, 45, 47 and at 
boundary of 50 and 51). These “weak points” 
are probably old “repeats” or heterochromatic 
sections, resembling those found in the IIL 
strand of D. melanogaster by Bridges.1 IIR 
is easily recognizable by a densely staining 
heterochromatic area in section 70 

The third chromosome has no pronounced 
“weak points” or heterochromatic areas, and 
is well extended and straight more often than 
the other chromosomes. It can be identified 
by the large segments containing only light 
discs (sections 88-89, and especially 95-96), 
as well as by the disc pattern in its distal end 
(sections 99-100). 

The relative lengths of the various chromo- 
somes shown in Figure 9 are characteristic. 
The third chromosome is the largest and XL 
the shortest (although it should be perhaps 
slightly longer, relative to the other chromo- 
somes). XR and IIL are about equally long, 
and IIR is intermediate between them and ITI. 


Comparison with Other Species of 
Drosophila 


D. willistoni, D. paulistorum, D. equi- 
noxtalis, and D. tropicalis are a group of 
four “sibling” species which are very 
similar in external appearance but are 
completely isolated reproductively.? 
Their XL, XR, IIL and IIR chromo- 
somes resemble so much those shown in 
Figure 9 that they are easily recogniza- 
ble. The third chromosomes are, how- 
ever quite distinct in disc patterns, so 
much so that they can readily be used 
for identification of the species. It seems, 
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then, that the third chromosome has 
suffered more gene rearrangements, pre- 
sumably paracentric inversions, in the 
phylogeny than did the other chromo- 
somes. The latter have, to be sure, not 
remained entirely constant, as shown by 
the variable positions of the bulbs and 
repeats in XR and of characteristic 
groups of discs in the basal portions of 
IIL and IIR.2 Taken as a whole, the 
morphological similarity of the four sib- 
ling species has a counterpart in the re- 
tension of similarities in the disc pat- 
terns, and consequently in the gene ar- 
trangements, in the chromosomes other 
than the third. 

The salivary gland chromosomes of 
D. nebulosa have been pictured by 
Pavan, and the writer has examined 
them personally in preparations. D. 
nebulosa is, considered morphologically, 
much less closely related to D. willistoni 
than are the sibling species named above. 
The disc patterns in its salivary gland 

chromosomes are so profoundly different 
that one could hardly homologize the 
chromosomes of the two species on the 
basis of disc patterns alone. Perhaps the 
only exceptions are the distal ends of 
XR chromosomes (sections 35-36 in D. 
willistoni, 34-35 in D. nebulosa) which 
are rather similar. There exist, neverthe- 
less, other traits which make the chro- 
mosome recognizable. Both in D. wil- 
listoni and in D. nebulosa, XL is shorter 
than XR. In the second chromosome, 
IIL’s contain numerous “weak points” 
and “repeats,” and are shorter than the 
relatively euchromatic IIR’s. The third 
chromosomes are the largest and the 
most easily studied chromosome strands. 

The persistence of the relative lengths 
and of heterochromatic regions, in the 
face of complete loss of similarities in the 
disc patterns in the chromosomes of dif- 
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ferent species, is a further confirmation 
of the prevalence of intrachromosomal, 
and of rarity of inter-chromosomal, 
changes in the phylogeny of at least the 
neotropical species groups of the genus 
Sophophora. 


Summary 


The chromosomes of Drosophila willistoni 
are described and compared with those in 
more or less closely related species. Intra- 
chromosomal changes, chiefly paracentric in- 
versions, are shown to have been much more 
frequent in the evolution of these flies than 
have been inter-chromosomal changes (pericen- 
tric inversions and translocations). 
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COMPARATIVE EFFECTS OF COLCHICINE 
AND SODIUM NUCLEATE 


On Somatic Chromosomes of Allium and Tradescantia 


N. S. ALLEN, G. B. WiLson AND S. PowEL.L* 


somes (as distinct from chroma- 

tids) into two or more groups 
within a single cell is a phenomenon 
which is induced by numerous chemicals. 
Such separations appear to be without 
benefit of the normal spindle mechanism. 
A number of terms have been applied to 
this phenomenon, none of which is very 
satisfactory. In the present paper we are 
using the terms separation and reduction 
or reductional groupings} without refer- 
ence to the segregation of homologous 
chromosomes which has been studied in 
‘Trillium’ and is also currently the sub- 
ject of study in other: favorable organ- 
isms. 

The chemicals used may be divided 
into two groups, albeit somewhat arbi- 
trarily: (a) “mitotic poisons” of which 
colchicine is the type substance and (b) 
“physiological substances” of which the 
sodium salt of nucleic acid may be taken 
as the type. To the first group may be 
referred such chemicals as chloral hy- 
drate,!! dimethyl arsenate,!° benzene va- 
por,? methyl naphthoquinone!? and 
ethylene glycol® as well as colchicine. To 
the second group belongs salts of nucleic 
acid and inorganic phosphates.*° Per- 
haps induction by cold and spontaneous 
occurrence*:*.§13 should be added to this 
group. 


Such division, whether fundamentally 
justified or not, serves to emphasize the 
two major current points of view. These 
are: (1) that the mechanism is probably 
the same regardless of the chemical used 
and, in any event, it is a phenomenon of 
little theoretical or practical importance,® 
and (2) that the mechanisms may be 
quite different and that there are, in any 
event, important theoretical and practical - 
implications.® , 

Our opinion in general is much less 
precise. We believe that as yet too few 
comparative studies have been made to 
warrant any decision as to the uniform- 
ity of the mechanism involved. But, we 
are of the opinion that such departures 
from “normal” are likely to prove indic- 
ative of the kind and operation of 
“forces” involved in nuclear division and 
that continued investigation is, therefore, 
desirable. 

Prior to the publication of Levan and 
Lotfy’s discussion,® we had noted simi- 
larities, with regard to  reductional 
groupings, between colchicine and sodi- 
um nucleate treated materials. Prelimi- 
nary comparative studies on root tips of 
Tradescantia and Allium have raised a 
number of questions which we think 
should be considered rather extensively 
before any decision as to the relative 
merits of these views can be justified. It 


*Research Assistant in Cytology, Department of Botany, University of Wisconsin, Madison, 


Wisconsin; Associate Professor of Botany, and Graduate Assistant, Department of Botany, 
Michigan State College, East Lansing, Michigan, respectively. The authors are indebted to 
Professor C. L. Huskins and his associates of the University of Wisconsin for valuable dis- 
cussion, to Mr. Alfred Owezarzak for the photomicrography and to Professor C. L. Gilly of 
Michigan State College for critical reading of the manuscript. 

7The term “reduction” in this instance may have only superficial application since, unless 
the primary separations of whole (double) chromosomes are followed by a secondary separation 
involving sister chromatids no reduction in chromosome number need occur. While the term 
“segregation” might be a suitable alternative, it has already been used to imply separation of 
homologous chromosomes and may therefore be misleading in the present instance where 
homologues cannot readily be distinguished. 
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COLCHICINE TREATMENT OF ALLIUM AND TRADESCANTIA 


Figure 10 
A—Fully contracted “metaphase” chromosomes showing peripheral arrangement (Allium). 
B—Prolongation of peripheral arrangement; separation of chromatids can be seen (Allium). 
C—A later stage of the same type of arrangement as shown in B (Allium). D and E—‘“Meta- 
phase separation” (Allium). G, H, and ]—Reductional grouping showing separation of chroma- 
tids. (Tradescantia and Allium). 
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SODIUM NUCLEATE TREATMENTS OF ALLIUM AND TRADESCANTIA 
Figure 11 
A to D—Prophase reductional groupings from early prophase (4, B and C) to prometa- 
phase (E), (4, Tradescantia; others Allium). E—An 8-and-8 metaphase separation (Allium). 
F—A 9-and-7 reductional grouping with chromatids well separated (Allium). 


is Our present purpose to present the fol- chromosomes has as yet been found after 
lowing points for consideration by those Sodium nucleate treatment. This would appear 
i d in th aan: to indicate a difference in mode of action of 
interested in the problem : the chemicals which, however, may be one of 


1. Arrangement of Chromosomes degree rather than kind. Nevertheless, the 

After colchicine treatment, fully contracted Observational basis for distinction does exist 

). chromosomes frequently show a peripheral ar- and, until it is superseded by a physiological 

). rangement (Figure 10.4) usually with the basis of contrary indication, we are not justi- 
. greatest aggregation at two “poles” (Figures fied in assuming identity of effect. 


a 10 D, E). Such peripheral distribution is, of 

course, normal for prophase but is not usually 2+ Frequency of Reductional Groupings 
retained or prolonged (Figure 10 B, C); The relative “effectiveness” of the two treat- 
No comparable arrangement of fully contracted ments (colchicine and sodium nucleate) in 
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producing reductional groupings is difficult to 
assess; both have proved to be highly variable. 
Sodium nucleate has induced frequencies of 
reducing nuclei ranging from 2 to 35 percent 
while, with colchicine, the range has been 
from 6 to 20 percent. In neither case does 
duration of treatment appear to be a clear-cut 
factor, although with colchicine there is some 
evidence of optima at 6 to 8 and 24 to 36 
hours. Likewise in neither case have we been 
able to find any marked relationship between 
concemtration and effect. However, there is 
yet relatively little information on this point. 
The bulk of our comparative data have been 
derived from treatments with 2 percent sodium 
nucleate and .01 percent colchicine. Undoubted- 
ly at least three factors must be considered: 
a) concentration of the chemicals used;  b) 
duration of treatment; and c) rate of nuclear 
division. Such a consideration will call for 
much more extensive and complex studies than 
have so far been made. One difficulty which 
we foresee is that of expressing the effective 
concentration of one of the chemicals in terms 
of the others. 


3. Chromosome Distributions 


Previous publications®.13 have indicated that 
there is not only a tendency towards separa- 
tion of the chromosomes into two equal groups 
in the case of sodium nucleate induced reduc- 
tional groupings but that there is also a tend- 
ency towards preferential separation of homo- 
logues. This tendency, of course, is expressed 
in relation to the theoretical expectation based 
on the binomial distribution. There is, pro tem, 
no definitive hypothesis which would lead us 
to choose such a distribution as a basis for 
such expectations. However, this point is dis- 
cussed by Dr. K. Pateau in a paper now in 
press. In any event, it is probably significant 
that colchicine induced separations (Figure 10, 
G, H, and 1) have thus far, been found to 
show little or no departure from such expecta- 
tion in distribution of chromosomes. For ex- 
ample, in our current experiments on Alliwn 
root tips, 57 out of a total of 173 sodium nucle- 
ate induced separations have been found to con- 
tain groupings of 8-and-8 whereas expectation 
is approximately 34. This is a crgegers which 
is highly significant (x2 = 15.8, p < 0.01). 
Thirty-five out of 187 colchine induced separa- 
tions have been found to contain 8-and-8 
groupings where the “expected” number is 
37 (x? = .007, p = ca. 0.9). 


4. Types of Groupings 


After both treatments, the fully contracted 
chromosomes may be separated either into two 
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or more groups or spread more or less evenly 
throughout the cell. Also, in both cases, “un- 
oriented” chromatid separations may occur 
either with or without accompanying distribu- 
tion into groups. Likewise, chromatids may 
clump more or less in the center (‘non- 
polar”), at one end of the cell (“unipolar”) ,1 
or, in three or more regions (‘“multi-polar”) 
as,in Figure 10/7. 

The two treatments differ with respect to 
the time in the mitotic cycle when groupings 
may occur. Sodium nucleate induced separa- 
tions are found at all stages of prophase (Fig- 
ure 11 A-D) as well as later (Figure 11, E-F), 
No single clear-cut case of prophase groupings 
has yet been found in colchicine treated mate- 
rial. Only stages of full contraction appear to 
be affected (Figure 10, D, E, G, H, and /). 


5. Prophase to Metaphase* Ratios 


Both sodium nucleate and colchicine appear 
to reduce the ratio of prophase to metaphase 
in contrast to untreated materials. Preliminary 
analyses of current experiments have given 
ratios which are based on a minimum of 300 
cells in each instance (Table I). 

The number of prophases is not necessarily 
reduced; rather the implication may be that 
onset of “metaphase” is deferred or its dura- 
tion prolonged by the inhibition of anaphase. 
Such a phenomenon may or may not have a 
direct connection with the problem under dis- 
cussion; but it should, in any event, be taken 
into consideration. 


Discussion 


There is no doubt that a wide variety 
of chemicals induce separation of somatic 
chromosomes into two or more groups 
within one cell. The pertinent question 
is whether or not the basic mechanism 
is the same in all cases. To this question 
we have, as yet, no answer. We have set 
out, above, a number of bases of observa- 
tional comparison which we consider to 
be potentially diagnostic. 

The major differences between the 
effects of colchicine and sodium nucleate 
seem to be with regard to the frequently 


TABLE I.—Ratios based on 300 cells. 


Prophase : Metaphase 
Untreated material 4 g 1 
Sodium nucleate treated material 


Co'chicire treated material 


2 : 3 
1 : 3 


*The use of the terms “metaphase” and * ‘anaphase” in cases where there is no true equatorial 
plate and no organized separation of chromatids is, perhaps, unfortunate. However, since any 
hastily devised alternatives are likely to be even more misleading we are continuing to use these 
terms with the explanation that by metaphase we mean a stage of chromosome contraction as 
great as or greater than typical of normal metaphase and by anaphase, chromatid separation 
whether orientated or not. 


Allen et al: Somatic Chromosomes 163 


observed peripheral arrangement of fully 
contracted chromosomes after treatment 
with the former and the relatively high 
incidence of prophase reductional group- 
ings after the latter. To these may be 
added what is apparently a difference 
with respect to the numerical distribu- 
tion of chromosomes to the groups. 
Sodium nucleate induced separations 
show what seems to be a significantly 
higher proportion of equal groupings 
than is effected by colchicine, or expected 
on the basis of the binominal distribu- 
tion. While this difference appears to 
be the most striking one, colchicine ex- 
periments have not yet been sufficiently 
extensive to warrant any precise statisti- 
cal analysis. We may ultimately find less 
difference than appears to date. 
Certainly the proponents of the view® 
that these separations are basically the 
same, regardless of the chemical in- 
volved, will have to fit such differences 
as have been indicated herein into any 
mechanism which may be proposed. 
Those who favor the view that there are 
essential differences between, for exam- 
ple colchicine and sodium nucleate in- 
duced separations must be prepared to 
accept some rather striking parallels. 
Our opinion is that the answer may 
well emerge from a comparative study of 
the differential responses, to various 
treatments, of the “forces” involved in 
the spindle mechanism. It is probably 
pertinent that inorganic phosphates have 
been shown to delay the breakdown of 


the nuclear membrane* which must al- 
most certainly be correlated with devel- 
opment of the spindle mechanism. A 
similar though not usually so marked an 
effect on the membrane has been noted 
after sodium nucleate treatment but not, 
in our experience, after colchicine. Care- 
ful comparison of responses other than 
chromosome separations or reductional 
groupings is therefore indicated. 
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Micro-Chemical Plant Breeding 


THE close relationship developing between 

' genetics and biochemistry has been greatly 
stimulated by studies of a fundamental nature 
such as those carried on in the laboratories of 
Drs. G. W. Beadle of California Institute of 
Technology, E. L. Tatum of Stanford Uni- 
versity, and W. J. Robbins of New York. 
(March 1950 Nutrition Reviews.) 

The occurrence in plants of enzymes neces- 
Sary for particular steps in the synthesis of 
specific compounds, which may serve as vita- 
mins or growth factors for people and animals 
that eat the plant, is controlled biochemically 


by inherited mechanisms. The efficiency of 
specific synthesis, made possible by gene ac- 
tion, may often be modified by environmental! 
factors such as temperature, light intensity 
and quality, day length, water supply, and mir- 
eral nutrition, but the possibility of synthesis 
must be inherent in the organism. The real- 
ization of this has added considerable impetus 
to plant-breeding programs designed to im- 
prove the unseen but often more important 
factors of nutrient content of plant parts. 
Long ago sugar beets were developed which 
contained high contents of sucrose (16 to 23 
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percent), thus making this crop a competitor 
of sugar cane for production of this energy 
food and raw material. Now more delicate 
chemical and physiological tests permit analy- 
sis for many growth substances occurring in 
much smaller quantities and also required in 
relatively small doses for maintenance of good 
health in the animal body. 

Many common foods are recognized as good 
sources of particular growth substances. How- 
ever, in many cases, the amounts of a given 
food that must be eaten to supply the mini- 
mum daily requirement for good health, could 
be too great for taste or comfort or too expen- 
sive for the income of the average perspn. 
Such cases are more frequent among those 
of lower-income groups who naturally do not 
eat the variety of foods that is usually enjoyed 
by more fortunate ones. Thus the contribu- 
tion that can be made by plant breeders and 
biochemists in the improvement of the nutri- 
tive values of our more staple food crops is 
significant, since it will benefit a large propor- 
tion of the population. Similar considerations 
apply of course to foods used by animals of 
economic importance. 
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As specific examples other than that of the 
sugar content of sugar beets of where genetic 
change has resulted in improved nutritive qual- 
ity are the following: ascorbic acid in toma- 
toes, apples, cabbage, strawberries, beans, man- 
goes, grapes, and peaches; carotene (the pre- 
cursor of vitamin A) in tomatoes, carrots, 
corn, and peas; the thiamine, riboflavin, nia- 
cin, and amino acid contents of a variety of 
grains and grasses. 

Thus it is evident from the favorable begin- 
nings of work along several lines discussed 
that opportunities in this field are many and 
that possibilities are difficult to predict without 
comprehensive syrveys of known genetic ma- 
terial in relation to chemical composition of 
parents and progeny. These depend on avail- 
ability of rapid methods for determination of 
the substances involved and must therefore be 
preceded by much chemical and physiological 
study to provide good methods and to assure 
proper placement of emphasis on the most sig- 
nificant phases of plant composition. Much 
more work in this field may be expected in 
the future. 

—Nutrition Reviews 


Reciprocal Skin Homografts Identify Exchanged Identical Twins 


McIndoe and Franceschetti (British Journal 
of Plastic Surgery, Edinburgh, 2:283, Jan., 
1950) state that Bauer in 1927 was first to fur- 
nish ati experimental test for identical twin- 
ning by means of skin homografts. They re- 
port a case in which they made use of recip- 
rocal skin homografts for the identification of 
exchange identical twins. The parents of twins 
6 years of age became aware of the existence 
of another small boy who bore a striking re- 
semblance to one of their own children. Be- 
lieving first that it was simple coincidence, 
they were surprised to learn that the other 
child was born the same night and in the same 
clinic as their own. The cross grafts in the 


real twin brothers showed, in addition to nor- 
mal skin pattern and texture, persistence of 
the same direction of hair growth as had been 
characteristic in their original situations. There 
was complete survival of all elements of the 
transplanted skin. On the other hand the 
grafts between the two supposed twins failed 
completely and left nothing but an atrophic 
cicatrix in each case. The similarity in the 
various morphologic and psychic normal char- 
acteristics, the correspondence in certain anom- 
alies and, finally, the experimental evidence of 
the reciprocal skin homografts left no doubt 
that the supposed substitution of the twins had 
actually occurred —J.4.M.A. June 17, 1950. 


LARGE “ANAL GILL” CHROMOSOMES 
(Continued from page 155) 


My reason for writing this paper is to call 
attention to a phenomenon that may prove use- 
ful in experiments with large chromosomes. 
The position of the cells, bearing the large 
chromosomes, is especially favorable because 
they protrude out into the medium in which 
the animal is immersed. The nuclei can be 
seen in living specimens, but the individual 
chromosomes are much less distinct. The 
abundance of the larvae in their natural en- 


vironment and the ease of cultivation offer ad- 
ditional advantages. 
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AN INTERSPECIFIC HYBRID IN FICUS* 


Ira J. 
University of California Citrus Experiment Station, Riverside 


ing to the genus Ficus reveals few 

if any records of natural hybridiza- 
tion among the various species. F. X. 
Williams® has shown that in captivity 
fig wasps may be induced to enter other 
than their own particular species of fig, 
and adds that “in view of the large num- 
ber of species of wild figs that may oc- 
cur in a single locality it is not unrea- 
sonable to suppose that hybridization 
might have taken place there.” However, 
since the introduction into Hawaii of 
the wasps which normally inhabit the 
syconia of three species of Ficus, viz., F. 
macrophylla Desf., F. rubiginosa Desf., 
and F. retusa L., interspecific hybrids 
have been found. Edward L. Caum! in- 
forms me that there are many volunteer 
seedlings of the last two species, includ- 
ing one that very much resembles Ficus 
nota Merrill in leaf characters and caulli- 
flory, and another that has long, narrow 
leaves, very hispid, resembling those of 
F. hispida L. Furthermore, according to 
Mr. Caum, syconia of F. eugenioides F. 
v M. were found to be inhabited by the 
same species of wasp normally inhabit- 
ing syconia of F. rubiginosa. 

In California, Blastophaga  psenes 
Cay., introduced in 1899 in order to 
make practicable the caprification of 
syconia of the common fig Ficus carica 
L., has not been found inhabiting the 
syconia of any other fig species common- 
ly grown in the state. The possibility of 
producing an interspecific hybrid arti- 
ficially was recognized when it was 
learned that the evergreen-vine fig Ficus 
pumila L. and the common deciduous- 
tree fig F. carica belonged to the same 
section (Eusyce) of the genus. The pos- 
sibility became a reality, and the follow- 
ing account of this interspecific hybrid 
is, to our knowledge, the first record of 
an artificial hybrid between actual spe- 


of the literature relat- 


cies of the genus. This takes into ac- 
count the fact that natural hybridization 
does occur among some sixteen mem- 
bers of the F. carica complex, which 
ranges in habitat from Persia and India 
to Abyssinia, and whose syconia are in- 
habited by the same species of Blasto- 


phaga. 
The Parents Involved 


The female parent, Ficus pumila, whose na- 
tive habitat is southeastern Asia, grows as an 
evergreen vine clinging to walls by means of 
adhesive rootlets and bearing thick, entire, 
coriaceous leaves variable in size but ranging 
from less than one inch to four or five inches 
in length. Leaves of barren climbing stems are 
much smaller than those of fruiting branches. 
Syconia are commonly obovate with distinct 
neck, up to 2.5 inches long and 1.5 inches 
broad, silky pubescent, bearing on the inside 
pistillate flowers of a bright scarlet color. On 
certain vines the syconia have short-styled pis- 
tillace flowers and also staminate flowers near 
the ostiole. In China, where the caprifigs of 
F, pumila are inhabited by a fig wasp, caprifi- 
cation occurs naturally and some syconia ma- 
ture and become edible. [’. pumila minima is 
simply a form with leaves and syconia re- 
duced in size. No parthenocarpic development 
has been observed with syconia of F. pumila 
in California. 

Ficus carica, the common fig, develops nor- 
mally as a deciduous tree, with leaves varying 
in size and ranging from nonlobed to three-, 
five-, or seven-lobed, the lobes sometimes deep- 
ly dissected. Syconia are extremely variable in 
shape, size, and quality. Parthenocarpy is 
characteristic of one class of figs, the common 
fig; nonparthenocarpy is a trait of Smyrna- 
class figs and of the second crop of the class 
known as San Pedro. Figs of the last two 
classes drop unless caprified by blastophagas 
carrying pollen from caprifigs. 


From Pollen to Seedling 


The method of pollination mentioned 
in a previous article? could not be used 
with Ficus pumila since blastophagas 
seem not to be attracted to the syconia 
nor to enter the ostiole. The simple 
process described* in 1947, namely, that 
of puffing pollen into the interior of a 


*Paper No. 634, University of California Citrus Experiment Station, Riverside, California. 
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TYPICAL LEAVES OF PARENT AND HYBRID 
Figure 12 
The foliage of the hybrid is in the center; Ficus pumila, the female parent, is on the left; 


Ficus carica is on the right. 


syconium, was therefore used. Early in 
July, 1942, numerous syconia were thus 
treated with pollen collected from Roed- 
ing No. 3 and Kearney, two caprifig va- 
rieties of F. carica. Examination on 
July 24 showed pollinated figs to be de- 
veloping pulp and seedlike ovaries. These 
figs continued to remain firm and plump 
while unpollinated figs shrivelled and 
dropped as usual. Late in the season one 
pollinated fig split partly open along the 
side and remained in this condition for 
several weeks. Early in January, 1943, 
it turned purplish black outside and soft- 
ened. The fruit was therefore picked ; 
the fertile seeds were washed free of 
pulp and planted soon afterwards. Oth- 
er fruits also matured, but the soft pulp 
could hardly be considered palatable. 
Seeds (achenes) of the F. pumila « 
F. carica cross germinated freely. The 
seedlings plainly showed their hybrid 
character, but careful descriptions were 
not made of the seed leaves or of the 


juvenile foliage. After one year of 
growth, buds from several seedlings 
were inserted in branches of an orchard 
tree, eight to ten feet above the level of 
the ground. Seven seedlings have thus 
become established, three with Roeding 
No. 3 as the male parent and four of 
Kearney parentage. None has _ been 
grown along walls where the clinging- 
vine character might be determined. 


Characteristics of the Hybrid 


The characteristics of this interspecific 
fig hybrid show a relationship much clos- 
er to Ficus pumila than to F. carica. The 
seedling plants vary to some extent in 
habit of growth, but none shows any in- 
dication of becoming treelike. The larg- 
est seedling has a spread of eight feet, 
and the drooping branches up to four 
feet long have no semblance of adhesive 
rootlets or hold-fasts at the nodes. Twigs 
are slender, with little or no pith, be- 
coming tough or leathery in texture 
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Condit: 


SYCONIA AND LEAVES 
Figure 13 


A—Ficus pumila; B—Hybrid of F. pumila 
X F. carica. Two hybrids have fruited. The 
flowers appear to be functional, and pollen 
grains have germinated on a nutrient medium. 


much like those of F. pumila. The plants 
may be called semideciduous. All leaves 
of certain seedlings drop; some leaves of 
others persist into the winter or remain 
on the twigs until spring No frost dam- 
age has occurred at a minimum tempera- 
ture of 21° F. 

Juvenile leaves and the mature leaves 
of some seedlings are nonlobed, with en- 
tire or remotely crenate margins. A de- 
scription of typical mature leaves (Fig- 
ure 12) follows: petiole short, up to 0.75 


Hybrid Fig 


167 


inches long, often curved ; blade small to 
4.5 inches long and 3 inches broad; 
lobes three, broad with sinuses extend- 
ing below the middle of blade; margins 
entire or occasionally crenate; base 
rounded, truncate, or subcordate; sur- 
face dark green above, lighter below, 
pubescent especially on the veins; tex- 
ture subcoriaceous, intermediate between 
leaves of the two parents. Mosaic spots 
caused by the virus Ficivir caricae® are 
present, but no prominently malformed 
leaves are in evidence. 

Only two seedlings have fruited. One 
produces few syconia very similar to 
those of F. pumila except for their small 
size (Figure 14) ; the scarlet flowers are 
all pistillate with long slender styles. The 
other seedling produces numerous sy- 
conia comparable to those of F. pumila 
though somewhat smaller; the hollow 
interior contains both short-styled pistil- 
late flowers and a mass of staminate 
flowers. Examination of these pistillate 
flowers leaves a doubt as to their suit- 
ability for oviposition by Blastophaga 
psenes, should this fig wasp ever be at- 
tracted to the syconium. 

Examination of the syconia of F. pu- 
mila bearing short-styled pistillate flow- 
ers shows no development of the stami- 
nate flowers in the same syconium be- 
yond the primordial stage. In striking 
contrast, similar syconia of the hybrid 
show complete development of the stami- 
nate flowers, which at maturity fill at 
least half the cavity of the syconium 
(Figure 14). Pollen grains appear under 
high power of the microscope to be 
plump and very similar to pollen grains 
of caprifigs of F. carica. Pollen grains 
have germinated in weak solutions of 
both boric acid and sugar. Syconia of 
various common figs pollinated with pol- 
len produced by the hybrid appear to be 
producing fertile seeds. 

Chromosome counts of both parents 
have been reported.? The 2” number 
in each case is 26. Root-tip preparations 
of the hybrid seedlings show the com- 
plements of chromosomes to be similar 
to those found in F. carica, without any 
marked differences in their morphology. 
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STAMINATE INFLORESCENCE 


Figure 14 


Left, syconium of Ficus pumila with no development of staminate flowers; right, syconium 
of hybrid, showing mass of fully developed staminate flowers. 


Summary 


An interspecific hybrid between the ever- 
green-vine fig Ficus pumila and the common 
deciduous-tree fig /’. carica has been produced. 
This appears to be the first record of an arti- 
ficially produced hybrid between two species 
of the genus. Leaves are intermediate in char- 
acters between those of the two parents. Sy- 
conia are nonparthenocarpic and _ resemble 
those of the female parent, F. pumila, except 
for their smaller size. 
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